


Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
2003 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2003 to 00-00-2003  

4. TITLE AND SUBTITLE 
Human Characteristics and Measures in Systems Design 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Naval Postgraduate School,Operations Research 
Department,Monterey,CA,93943 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

44 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 























































 

726 HUMAN CHARACTERISTICS AND MEASURES IN SYSTEMS DESIGN 

Physical characteristics of the work surface must take into consideration such factors as 
height, depth, clearances, and inclination of the work surface. Overhead or side tool 
storage must be placed to allow access with minimal disruption to productivity. 

Maintenance of the system requires accessibility to maintainers. Designing for main
tenance requires that the system be usable and accessible to both its operator and 
maintainer (see Example 19.2). 

Example 19.2 Engine Room Habitability The engine room crew of a nuclear aircraft 
carrier has to contend with issues involving the "habitability"-domain-that is, those issues 
associated with living, sleeping, and eating within the confines of the systems the crew is 
operating and maintaining. 

The design engineer in this context is commonly referred to as a marine architect, namely, 
one who designs ships. A major challenge for the marine architect charged with designing a 
turbine engine compartment deep within a modern aircraft carrier would be habitability. 
Because space is at a premium, it is no small task to design a space large enough to hold the 
engines and ancillary equipment, but to also ensure that the crew members who will work 
within this environment are able to safely and effectively perform their assigned tasks. 

Another issue is the high stress levels likely to be a factor for the engine room crew. The 
work environment is inherently stressful (high heat, extremely loud, close quarters; physically 
uncomfortable work positions). The unpredictable nature of equipment malfunction and the 
requisite necessity to work at odd hours or "on call" to operate and/or repair equipment can 
add to this problem. Inability to "get away" from work-most engine room crews' sleep and 
eat in relatively close proximity to their duty station-combined with working very long hours 
can induce high levels of stress and fatigue. Due to the nature of the work location (far below 
decks), individuals may not see daylight for a week or more. Crewmembers also must 
maintain a high level of SA due to the dangerous environment. 

19.4.2 HSI Considerations for Design of Displays 

Many, if not all, modem systems involve the display of information. Complex presentation 
of information has been designed into modem weapons systems, power generation plants, 
and desktop workstations. The goal of any display is to optimize the performance of the 
person using the system while allowing for a reduction in errors (Woodson and Conover, 
1966). 

Visualpisplay of Information Visual displays should be designed so that users are 
able to easily and quickly ascertain the state of the system at a glance. While good displays 
facilitate: accurate transfer of information from system to the human, poor displays may 
contribute to accidents and errors. Poorly designed displays may make it difficult for the 
user to ql.lickly and accurately detect a problem or determine and implement a solution. 
Designing a usable visual display does not require extensive knowledge of vision theory 
and the supporting brain and cognitive functions. There are principles that can be applied 
by the design engineer in planning and developing a system that people can use 
successfully. Table 19.12 lists many of the factors that should be considered when 
designing a system that requires the use of visual information. 

Ambient lighting must be adequate to allow the person to see the task at hand. For some 
jobs, supplemental task lighting must be added so people can see what they are doing. For 
example, kitchen designers provide an overhead (ambient) fixture, but also include task 
lighting over the stove, in the oven, and over work surfaces. Detailed work may require 
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TABLE 19.12 Visual Characteristics Useful for Human Systems Design Consideration 

Visual primacy: As the dominant sensory system for humans, vision is used for orientation, intake of 
infonnation, and verification of other senses. In the absence of visual input, other sensory systems 
become more important. 

Light levels: Ambient light levels have a profound effect on visual functioning. Light levels that are 
too low inhibit detection and color vision while light levels that are too bright, e.g., direct glare, 
can be equally disruptive to vision. 

Edge detection: The visual system of humans has built-in "edge detectors" that allow for immediate 
recognition and detection of edges. 

Motion detection: Built-in motion detectors allow for immediate and automatic recognition of 
movement and are obviously important in many technologies. 

Pattern recognition: The human visual system has an excellent ability for pattern recognition, which 
is particularly useful in monitoring tasks or for off-center vision. It is automatic and allows for the 
rapid integration of dissimilar visual elements into a cohesive whole. For example, on an aircraft 
display, symbology is used to facilitate rapid recognition of visual targets. 

Coding: Visual design of information can be coded to give more information in less space. The 
addition of color, shape, or grouping to indicate another dimension is an excellent practice that 
tells the user more in less space. 

Gestalt: Visual information should be grouped to ensure that similar items are processed as a unit. 
Control panels that have related controls "boxed" together using linear demarcation facilitate 
human performance and allow the operator to quickly detect when one gauge is out of range. 

more light. There should also be adequate contrast between the area of attention and the 
background. Kroemer and Grandjean (1997) provide excellent guidance for the placement 
of light for visual work. 

Because people'~end to identify things that are pla~d close together as a group, gauges, 
dials, or other items that are closely related should b~ located in close proximity to one 
another (Chapanis et aI., 1963). Displays should be grouped according to use. For instance, 
in an aircraft, all thf( displays havjng to do with engine health should be located together. 
The displays should' also be arrlfuged to allow "quicK . looks ." Many aircraft displays are 
installed so that the indicators. for normal operations are in the same position 
(e.g., 12 o'clock) for all the displays in a group. Display consistency allows the operator 
to quickly glance at a display to determine whether the system is functioning properly. 
Displays should be directly linked with their controls by putting control actuators (knobs, 
dials, etc.) on or close to the display. There should be little or no delay or lag in the 
display/control interface. Displays need to be properly lighted to ensure readability in all 
lighting conditions that may be encountered. In an aircraft, the system should accom
modate for light levels ranging from night light, low light, low sun angle light, to bright 
sunlight. There should also be good contrast and readability in alllighting levels. Human 
Engineering Design Criteria for Military Systems, Equipment and Facilities (MIL-STD-
1472) is a useful resource for basic design. The MIL-STD 1472 (currently in version F) 
contains some basic considerations that apply to all systems in which visual information is 
presented. 

There are a number of other important visual principles related to presentation of 
information (Thfte, 1983, 1990). Some important design considerations include redun-
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dancy, alann and caution signals, and display type. Redundancy is the presence of 
information in more than one place and/or in more than one sensory modality. Color 
coding is an example of different modes, while the presence of a digital and analog clock 
on a display is an example of information in more than one place and in more than one 
mode. Another consideration is that while many people have good color vision, an 
inherited deficiency in color vision (color blindness) exists in about 10 percent of the 
population, primarily males. 

Redundancy helps people gather information by presenting data in more than one way. 
Alarms and cautions have a range of urgency and-can be presented in multiple ways. For 
example, alann or caution information may be presented in red (color coding) or flashing 
(to catch the user's attention) or coupled with another sensory modality to ensure that the 
user identifies a problem and initiates a solution. Display type includes both the method of 
information presentation (e.g., digital vs. analog) or means of presentation (e.g., CRT, 
AMLCD, plasma, etc.). The method of presentation should be carefully considered to 
ensure that the user receives the information in the most usable way. For instance, while 
digital speedometers in cars were tried for a short while, it was difficult to control speed 
because digital speedometers show state information. Speed control requires trend 
information (e.g., is the vehicle accelerating or decelerating?) As has been shown, 
vision is a complex but critical information channel whose use should be optimized to 
ensure peak user performance. 

Auditory Display of Information As with vision, since so many modem systems use 
auditory cues to convey information, this section focuses on general design principles 
critical for the system designer to know about the auditory characteristics of the human. 
Table 19.13 lists auditory characteristics that are of primary consideration by systems 
engineering design teams. 

'JYpically, vision and audition function together. For example, a radio call alerts a pilot 
to air traffic and the pilot begins a visual search. Auditory information is processed serially 
while visual information can be processed in a parallel fashion. Auditory signals can range 
from simple (e.g., warning horns) to complex (e.g., speech). The auditory channel is well 
suited to the presentation of imperative information, such as warnings or cautions. But for 
most tasks, audition should supplement visually presented information, rather than being 

,"~ 

TABLE 19.13 Auditory Characteristics Useful for Human Systems Design Consideration 

Auditory localization: Humans are very good at determining the direction of a sound source, with the 
exception of sounds generated on the exact centerline, i.e., directly in front or behind the operator. 

3D auditory capability: The occurrence of a sound in three-dimensional space allows a user to 
receive information other than the location of a sound. This feature of the human auditory system 
can be used to aid a user who is overloaded with visual input. 

Pattern recognition: Auditory pattern recognition is very similar to visual pattern recognition. This 
process occurs automatically and allows for the rapid integration of dissimilar auditory elements 
into a cohesive whole (e.g., music recognition). 

Tones vs. speech: To be effective, alarms need to be audible and distinctive in the operating 
environment. Alarms do not have to be transmitted verbally as long as their intent is conveyed. 
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the primary source of information. Auditory displays of information should be limited to 
short messages or information that requires an immediate response. The auditory display 
alerts the user to make use of the visual display for more complete and amplifying 
information. While verbal displays may provide more information, they may also take 
longer to present the information than if it was presented visually. MIL-STD-1472 
provides guidance for the use and design of verbal displays. 

People with normal hearing exhibit temporal proximity, that is, tones close together in 
time are perceived to be together. People also exhibit auditory similarity based on the pitch 
of the sounds (i.e., sounds that have similar pitch are perceived as a group). Humans have 
the ability to localize sounds in three dimensions [i.e., they can determine the direction of 
the source of a sound (Proctor and Van Zandt, 1994)]. Three-dimensional displays provide 
location information. The localization of the signal alerts the user to the position of a threat 
or other sound and is very different from the information conveyed visually. 

HaptIc Sensory DIsplay of Information Virtual environments have increasingly 
relied on the insertion of haptic cues to enhance the user's sense of immersion in the virtual 
environment. In particular, one journal, Presence, has a wealth of information on haptics 
and their use in virtual environments. Staying abreast with developments in this rapidly 
changing field can be challenging but rewarding for those wanting to include senses other 
than just vision and audition in virtual environments. In aviation, user presentation of 
information using the touch sensory modality has focused on the presentation of attitude, 
proximity, and spatial mapping of information [e.g., U.S. Navy research on a vibro-tactile 
suit to display aircraft attitude information to the pilot (Rupert et aI., 1994; Rupert, 2000)]. 
The touch senses do not transmit highly specific information as occurs more commonly in 
the visual and auditory senses. This characteristic does not in any way discount the utility 
of the touch senses for a more general display of information, improving SA, or for 
redirecting operator attention. Table 19.14 illustrates the touch characteristics that are 
important for consideration in HSI applications. 

TABLE 19.14 TO\lch Charact~9stics Useful for Hum,an Systems Design Consideration 

Proprioception: An awarene~s of tbe position of our body joints relative to each other and to our 
body. This includes awareness of the position of the body in space and with respect to objects in 
the environment. 

Sensitivity variability: Sensors are more closely spaced in some areas of the skin than in other areas 
(e.g., the skin on the tips of the fingers has many more receptors than does the skin on the back.). 
Thus, if the operator is reql!ir_ed to dete.ct small patterns, it would be better to use the tips of the 
fingers than the skin on the back. One example of this is the use of the fingers to read Braille letters 
in visually impaired individuals. 

Haptic: When touching an object, we respond to the shape and feel of a manipulated object. Shape 
coding of controls uses the haptic sense to impart more information for operation of the control 
without visual input (blind mapping). Vibro-tactal display devices capitalize on haptic sense. 
Another haptic design consideration is control actuation feedback. 

Kinesthetic: Our ability to sense the relative motion and speed of movement of our limbs. There are 
no practical design considerations for kinesthesia at this time. 
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19.4.3 Task Allocatlon-Humans versus Machines 

Any comprehensive discussion of the human component of a total system should include a 
section comparing human versus machine or nonhuman abilities, highlighting the relative 
merits of the two subsystems. Task analysis is a method used to determine which part of a 
system should perform different types of work.4 It ensures that each task is assigned to a 
specific part of the system being designed and helps to illustrate what characteristics are 
most appropriate for the successful completion of a task. For example, if a requirement
driven task is "monitoring a fuel level," the task of monitoring_the fuel level may be levied 
on a computer subsystem, while the task of "monitoring the monitoring of the fuel level" 
could be assigned to the mission commander, a human subsystem. Task analysis can also 
be used to model the distribution of tasks across a system and/or team and determine the 
effect of that distribution. Task allocation can be reiterated until optimal performance is 
achieved. 

There are a number of task types that are better left to people or the human subsystem, 
while other tasks are better left to machine subsystems (parasuraman, 2000; Parasuraman 
et al., 1996; Parasuraman and Riley, 1997). Table 19.15 lists tasks that are performed better 
by humans and tasks that are performed better by machines. 

19.4.4 Social Issues and Team Performance 

While working with other people is generally beneficial, desirable, and often necessary, it 
is also not without its problems. The vast majority of us are intimately tied to our social 
environment. We are heavily influenced by social factors, and this social environment 
exists completely within our physical environment. We think and work differently as a 
function of our social environment. Yet we have become so accustomed to living and 
working within this social climate, that we are rarely conscious of it. A pervasive theme 
running throughout this section is to make the reader aware of the influence of factors that 
are easily overlooked-in this case, the social factor. 

One very important factor that is often ignored in the planning, design, and operation of 
many complex systems is the social nature of the human user. Social interactions are a very 
important part of our lives, and because these interactions so strongly influence our 
behavior, we need to be aware of the processes and social dynamics that influence the 
operator/user. Both the physical workplace configuration and the cognitive task demands 
placed od'the human operator/user should be considered within this social milieu . 

. 
Soclallhteractlons It is important to consider the social processes that occur when an 
individual-jn a system interacts with other people. Social interactions refer to the subtle yet 
pervasive verbal and nonverbal interactive styles all humans exhibit. These interactions are 
important whenever two or more people are required to function as a team, and become 
even more important when that team is responsible for controlling highly sophisticated, 
technologically intense, and potentially dangerous equipment (e.g., nuclear power plant, 
chemical factory or oil refinery, air traffic control operations, etc.). 

Social Comparison People assess each other constantly. From a human factors 
perspective, this social comparison can influence our actions in ways that defy the attempts 
of engineers to accommodate them in the system design. Pilots or others in high-risk, high-
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TABLE 19.15 Task Allocation to Appropriate Subsystem 

Example of Tasks Performed Better by 
Humans 

Detection of certain forms of very low energy 
levels 

Sensitivity to an extremely wide variety of 
stimuli 

Perceiving patterns and making generalizations 
about them 

Detecting signals in high noise levels 

Ability to profit from experience and alter 
course of action 

Ability to react to unexpected low-probability 
events 

Applying originality in solving problems 
Ability for fine manipulation, especially where 

misalignment appears unexpectedly 

Ability to perform even when overloaded 

Ambiguity resolution 

Ability to reason inductively 
Tasks requiring high motivation or involving 

strong emotions 
Remembering exceptional cases 

Following hunc~es/flexibility 

Example of Tasks Performed Better by 
Machines 

Monitoring of humans and machines 

Performing routine, repetitive, or very precise 
operations 

Responding very quickly to control signals 

Exerting great force, smoothly and with 
precision 

Insensitivity to extraneous factors 

Ability to process many different things 
simultaneously 

Deductive processes 
Ability to repeat operations very rapidly, 

continuously. and precisely the same way 
over a long period of time 

Operating in environments that are hostile or 
dangerous to humans or are beyond human 
tolerance 

Continuous collection of data to support deci
sion making 

Deductive reasoning 
Consistent reasoning across all cases 

Remembering all cases (and the probability of 
each) 

Consistent application of rules to situations or 
,,)'cases 

tech occupations~may perfollll'their job poorly or in ,an unsafe manner in attempting to gain 
the approval (or admiratton) o{those around them, or perhaps to flaunt their "mastery" of 
a complex skill. 

Diffusion of Responsibility The attribution of responsibility can be ascribed to an 
individual's deference to the "person in charge." Unfortunately, this communication is 
often made in non-verbal ways, which can leave the senior individual under the assumption 
that " .. .if I do something wrong or unsafe, he/she (e.g., the junior individual) will tell me 
about it," when in fact the junior individual may remain quiet out of respect (or fear) of the 
senior individual. The subordinate may also feel it is "not their place" to alert their 
superior to a potentially dangerous situation. Such unstated assumptions can have 
disastrous consequences (Evans, 2000). 

Computers provide assistance to the operator in most modem complex systems, but as 
long as humans are an integral part of such complex systems, the potential for human error 
will always be present (Parasuraman et aI., 1996; Wiegmann and Shappell, 2001). Failure 
to take into account the personality, social interaction style, and the ability of individuals to 
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effectively communicate and work together as a team during critical aspects of any 
complex operation is to invite disaster (see Examples 19.3 and 19.4). 

Example 19.3 Crew (or Cockpit) Resource Management To appreciate why flight crew 
training and coordination is so important, one can look at safety statistics that demonstrate that 
approximately 70 per cent of all major airplane accidents were caused by aircrew mistakes 
(O'Hare and Roscoe, 1990). Crew resource management (CRM) was developed to mitigate 
some of the more dangerous social aspects of human performance in a complex system, 
specifically to improve performance in multiplace aircraft (Weiner et aI., 1993). Performance 
of the multiplace aircraft system is dependent on the crew working together to detect and solve 
problems as they occur in flight operations. Crew coordination is combined with other 
decision and performance aids such as checklists and instrument configuration changes. The 
CRM approach is often associated with checklist design but goes well beyond the checklist. 
Crew coordination focuses on determining a process for performance, and following that 
process, to ensure safe performance and successful mission completion (Brown et aI., 1991). 

Example 19.4 Automation and Fight Emergencies One of the issues in modem aircraft 
flight decks is the misallocation of crew and equipment resources. The current generation of 
computer-controlled "fly-by-wire" aircraft has sophisticated instrumentation and onboard 
computers capable of flying the entire route from take-off to landing. While this reduces the 
workload on the crew, the design of these automated systems are not based on the 
performance strengths and limitations of the system subcomponents (the computer and the 
human operator). Therefore, although workload is reduced in regular operations, the operators 
are forced to perform monitoring tasks, which humans perform poorly. In emergencies, the 
operators, who have been tasked to monitor the system, may not have the information needed 
to resolve the emergency and are required to "catch up" to the rest of the system when time is 
short. 

19.5 CASE STUDY 

For all systems that include the human as an operator and user, there are certain 
considerations that are universal. Perhaps most obvious is the physical consideration 
that involves fitting the human into the system, whether it is in a crew station, control 
room, or cockpit. Sensory, perceptual, and cognitive considerations are also required for all 
systems: lhe operator must have the ability to sense and process information from the 
system to make decisions about how to control it. The following case study illustrates the 
importanGe of human consideration in HSI. Although based on a real military system and 
tasks, the case. study is hypothetical and not meant to be used as guidelines for actual 
systems. ' 

Unmanned Aerial Vehicle [UA V(x)) System This case study is for a hypothetical 
UAV system design that we will term UAV(x). The 000 has actually invested heavily in 
both the technology and capabilities ofUAVs. As shown in the war in Afghanistan, UAVs 
can function in a wide variety of roles without endangering the life of the human operating 
the system (i.e., a pilot). Other benefits of the UAV besides pilot safety are weight savings 
and a larger payload for sensors. The UAV itself is only one component of a very complex 
system. It requires many of the same things that a piloted aircraft requires, including a 
runway, a hanger for maintenance, the ability of maintenance personnel to readily access 
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major components for repair/replacement, etc. Unlike a piloted aircraft, however, it also 
requires a "cockpit" apart from the UAV itself, typically at a remote site to allow the 
"pilot" (or operator) to "fly" the aircraft from a distant location. 

Table 19.16 provides an engineering description of the UAV(x), which includes an 
example of the operational and hardware requirements that the engineering community 
might provide for such a system. Usually the engineering community will also provide the 
human interface requirements in very general language. As shown in Table 19.16, the 
"pilot" is expected to "fly" the UAV for the duration of its flight, and should have flight 
experience and good SA. The HSI program manager should identify special issues to be 
included early in the engineering design process (see part IV of Table 19.16). 

The UAVoperator selection is a critical HSI issue. How do we select and train an 
operator for the UAV system? What human characteristics and capabilities are required to 
operate a UAV? How long a shift can an operator work without impairment in 
performance? Are there standards that could be developed and applied to operators of 
UAVs? Who will make the best UAVoperators?-Experienced pilots/aviators or specially 
trained operators with extensive training in UAVoperations? 

TABLE 19.16 UAV(x) Operational and HSI Description 

I Operational Requirements: Ability to taxi, take off, fly, and land like a manned, fixed wing 
aircraft; ability to fly to specific coordinates and loiter (either manually or by ground-based 
operator direction) or via autopilot; good fuel efficiency to remain on station for extended 
periods; ability to respond to operator commands and send operational and avionics data back to 
ground operator; speed of vehicle not a primary design consideration; weight of payload and 
endurance. 

II Hardware Requirements: Fuselage with wings; tail assembly; propulsion system (jet or 
propeller); avionics and communications bay; fuel tanks; landing gear (fixed or retractable); 
hydraulic system (if needed); wiring and piping; payload bay(s): video camera(s), still (digital) 
camera, IR sel'lSor, electronic warfare (EW) offensive capacity, offensive missile capacity, 
defensive systems (EW; chaff, ,IR flares; etc.); IFEild/or transponder for identification in 
combat/controlled airspace; GPS receiver to aid in ldcalization; payload bay designed to 
optimize quick equipment change with minimal dowll time; low noise level of vehicle designed 
to avoid detecti~n; use of li~tweight material imperative; shape of fuselage incorporates 
"Stealth" technology·io redu~e radar return. ' 

III. Human Interface Requir;ments.: Control station (flight deck) must allow for full flight control of 
the UAV from takeoff, to mission control, to landing; control station must have the ability to 
transmit data to the UAVand receive data from the UAV in real time; video image(s) must be 
received and displayed as clearly as possible; flight controls must be suitable for wide range of 
operations and should be similar (where possible) to flight controls on regular aircraft. The 
individual(s) who operate or-"fly''- the UAV remotely will likely have some flight experience and 
should have good hand-eye coordination, good situation awareness, and good mechanical/ 
electronics abilities. 

Iv. Special HSI Issues 
1. Skill requirements for UAVoperators 
2. Ability to "fly" vehicle from remote location 
3. Remote station multitask displays design 
4. Operator fatigue for long period flights 
5. Vehicle recovery and repair time 
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The military has considerable experience in selecting, classifying, and training pilots 
and aviators over the last century. Pilots and aviators enter flight training schools and are 
quickly advanced into flying specialized military aircraft based on their skills and 
performance in flight schools-or else they are moved into nonflying activities. But 
regular flight school revolves around one major fact-the pilot is actually in the aircraft he 
or she is flying. But with a UAY, the opposite is true, the pilot/operator flies the aircraft 
remotely via sensors and avionics information relayed via data links from the "flight deck" 
to/from the UAY. Although there are obvious similarities, the operation of a UAV is 
considerably different from the operation of a regular manned aircraft. Examples of 
operational issues with the UA Y, which are not issues with manned aircraft, include the 
ability to maintain SA, ability to respond to vestibular cues (aircraft motion), ability to 
view the world in 3D and ability to respond to events quickly without time delay in the 
data link. 

Because UAVs are capable of staying airborne for extremely long periods of time 
(Global Hawk can remain airborne for over 4 days), issues of operator fatigue, crew rest, 
appropriate handoff between crews, and the decay in performance seen over time with 
vigilance tasks are critical considerations for this system. Monitoring the fluctuations 
of operator efficiency, as evidenced by operator states, will ensure optimal system 
performance. 

A special document might be prepared for any new system listing the HSI characte
ristics and quantification methods of special characteristics. As shown in Table 19.17, 
critical human characteristics for the UAV(x) include the target audience description 
(operators and maintainers), human factors design of the remote control station, and 
special maintenance requirements for the system. For measures of many of these 
characteristics, the Armed Services Vocational Aptitude Battery (ASVAB) provides 
the skill categories (CAT I, II, III, IV) (see Chapter 11), and MIL-STD-1472 provides 
the general standards for human factors engineering of crew stations and maintenance (see 
Chapter 7). 

19.6 SUMMARY AND CONCLUSIONS 

As is the case with all natural systems, the complexity of the physical forces and the 
resulting interaction of the organisms within the systems are vital elements in under
standing. how systems operate and can be designed for optimal performance. In this 
chapter,*e have pointed out the need to consider the characteristics of the human 
components within our "man-made" systems engineering ecosystem. 

Understanding the strengths and limitations of the human operator and maintainer is 
imperative'to the systems designer. Humans have measurable psychological and physical 
characteristics; some of these characteristics are traits, innate and relatively unchanging; 
others are transitory states that may vary according to a range of conditions. The ability to 
quantify these human parameters provides a tremendous advantage to the systems 
designer. Design trade-offs made with an understanding of these human characteristics 
are more likely to result in a superior product with improved systems performance than 
one where these characteristics are not a priority. Ultimately, understanding the salient 
human considerations can allow the design engineer to tailor a system to effective and 
efficient performance, both from a total systems perspective as well as that of the human 
user. 
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TABLE 19.17 UAV(x) HSI Characteristics and Quantification Methods 

Human Characteristics 

1. Target audience description 
• Operator skill requirements 

• High aptitude-CAT II 
• Visual acuity-20/20 correctable 
• High hand-eye coordination 
• Good 3D spatial perception 
• Flight training 

• Operator anthropometric limits 
• Male/female 5th-95th percentile 

• Maintainer skill requirements 
• Average aptitude-CAT ill 
• Avionics qualified 

• Number of personnel 
• Operators-l per vehicle 
• Maintainers-l per four vehicles 

2. Remote Control Station 
• Workstation design for one operator; layout 

lighting, controls, displays, alarms, seating in 
accordance with MIL-STD-1492. 

• Multitask displays capable of representing 3D 
spatial images of aircraft environment in form 
easily detected and processed by operator. 

• Ability to quickly acquire and maintain SA using 
data provided from UAV 

3. Maintenance 
• Parts removal and repairs to be 80% organizational 

level. 
• Vehicle maintenance hatches, equipment bays 

easily accessible; equipment within each bay 
easily removed/replaced with minimal UAV down' 
time; reconfigurable software must allow for .• 
modification8.tas new hardw~e is added or 
removed. ' .. , 

• Remote station flight deck al'ld related electronics 
designed for easy access to all components 

Quantification Methods 

• Military ASVAB scores 
• Snellen eye chart 

• FAA-air traffic control tests 

• Body height, leg length, arm length 

• Military ASVAB scores 

• MIL-STD-1472 

• NASAIFAA standards 

• SA measures for distant SA via 
data link need to be developed. 

• MIL-STD-1472 

This chapter presents an overview of human characteristics that should be considered 
within a total systems pet"Spective. It IS pointed out that individuals can be defined and 
characterized using a variety of criteria, including broad categories of "trait" and "state." 
Human traits, or those characteristics of the user that tend to be static and unchanging, are 
described along with corresponding measurement techniques. Human states, or those 
characteristics that vary based on individual responses to operational and/or environ
mental conditions are also described. Such states may be complex responses to environ
mental conditions and/or demands, or they may entail individual reactivity to internal 
processes. In a section on human-system interfaces we provide some guidelines for 
bridging crucial junctures between human and machine. Guidelines such as these should 



 

736 HUMAN CHARACTERISTICS AND MEASURES IN SYSTEMS DESIGN 

be useful to the systems engineer seeking to optimize system performance through 
effectively integrating the human into the system design. Finally, a case study on the 
design and operation of a hypothetical UAV system is used to illustrate some of the HSI 
lessons learned throughout the chapter. 

If the human component of the systems are to perform to their optimum, it is 
recommended that human factors professionals be on the design team and basic iterative 
human factors design principles be used in all phases of the systems engineering process, 
especially during the concept development phase. To obtain HSI support from certified 
human factors professionals, the Human Factors and Ergonomics Society (HFES), the 
Board of Certification of Professional Ergonomists (BCPE), and the International 
Ergonomics Association (lEA) are useful resources. The web sites for these organizations 
have been listed at the end of the reference section. 

NOTES 

1. Although the domains for manpower, personnel, and training (MPT) are important to a complete 
description of the human component, MPT descriptions and issues are not covered in this chapter. 
Chapters 11 and 12 cover the MPT characteristics important for system engineering and 
management issues. 

2. Table 19, page 103, of Gawron (2000) lists these measures, along with estimates of reliability, task 
time, and ease of scoring. 

3. Personal communication, John Rohrbaugh, June 2002. 

4. See Chapters 10, 11, 13, and 20 for details on task analysis. 
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